Abstract-This paper presents a state of art of existing Underwater Acoustic Networks. We study specifically the Media Access Control (MAC) Protocol design of research work done in this field. A comparison of different protocols is presented according to several criteria: propagation delay, node connectivity and energy consumption. This comparison allows us to present some ideas for a new design of a MAC Underwater Acoustic protocol.
I. INTRODUCTION
Underwater Acoustic Networks constitute an important topic of interest for the offshore oil industry. It allows wireless communication between different submarine control vehicles and elements above the surface of the sea. Thus, the use of fewer physical links allows a lower cost in installating an oil platform. An example of the different nodes of an underwater acoustic network is illustrated in figure 1. 
FIG. 1 -. Control elements of control constituting an underwater oil platform
We assume that we work with a depth of up to 700 meters.
The paper is organized as follows: section II presents the specific problem of the underwater acoustic channel.
In section III, we present some existing proposals for underwater acoustic networks. The comparison between these protocols based on some metrics is presented in section IV. Our ideas for a new underwater acoustic MAC protocol are detailed in section V, followed by a conclusion in section VI.
II. THE SPECIFIC PROBLEM OF UNDERWATER ACOUSTIC DATA NETWORKS
Sound propagates well in water because attenuation due to absorption and diffusion is much smaller than for electromagnetic waves. Thus acoustic waves constitute the best and, currently, the only way of underwater data transmission.
The underwater acoustic channel present analogies with the radio mobile channel with regard to propagation phenomena. The underwater channel is a multi-path and frequency selective channel. But the propagation speed of the acoustic wave under water is very low compared to the propagation speed of radio electromagnetic waves (ratio of 1/200000): the propagation speed of acoustic signals is 1500 m s −1 under water, instead of the speed of light c=3*10 8 m s −1 . In the literature, the approach used to model these disturbances (signal fading and interferences) is the discrete multipath model that we used in [1] . The channel response is given by equation 1:
where N is the number of paths, c i and τ i are the attenuation and the delay of the channel respectively.
The main differences with the radio mobile channel which may be taken into account in the design of a data transmission protocol are : -Propagation delay : the low propagation velocity in the aquatic environment increases the latency of transmission. For usual distances of the order of a kilometer (Km), the delay of propagation is about a second (s). This limits applications with strong temporal constraints and reduces considerably the load of the traffic on the network. For example, in 
III. MAC LAYER FOR UNDERWATER ACOUSTIC NETWORKS

A. The Network topologies
The three basic topologies existing for underwater acoustic networks are :
-centralized topology: communication between nodes pass through a central station. This topology is preferred for deep water acoustic networks [4] [5] [6] . One disadvantage of this architecture is that the network depends fully on the central station. Another problem is the difficulty of scalability. -single hop distributed topology: this topology provides point-to-point links. The radio access protocol may be less optimal. -multihop topology: each node has the possibility to communicate with any other neighboring node. This architecture covers a large area because the range of the network is determined by the number of nodes and not by the coverage of one node. The protocol of [4] [5] proposes several nodes per master node (base station) and proves that using multihop links, the system minimizes energy consumption. In [7] , the authors propose a multi-cluster protocol over a multihop distributed topology. In [3] , the authors propose a centralized dynamic architecture (possibility of adding or moving a node). The configuration of the topology is performed by the master node using Topology Discovery Massage (TDM).
B. Multiple Access Techniques
Multiple access can been done using FDMA, TDMA or CDMA. The use of TDMA techniques needs precise synchronization between users. Moreover, it increases the latency of the system. Therefore, TDMA techniques are generally not suitable in the case of underwater communications. The authors in [4] propose using FDMA but CDMA is also suitable. In [7] , the authors use a combination of the two techniques: CDMA to communicate between clusters and TDMA inside each cluster (see below).
C. Media Access Protocol
In this section, we present some currently proposed MAC protocols for underwater acoustic data networks.
1) Adapted MACA to underwater acoustic networks:
In [4] [8] , the authors propose a media access control protocol based on the MACA (Multiple Access with Collision Avoidance) protocol, which uses CTS-RTS-DATA exchange. Error detection is done using STOP&WAIT ARQ (Automatic Repeat Request): the source waits for an Acknowledgment before transmitting the following packet (see figure 2-a). If after a specified time the source does not receive the ACK, it retransmits the packet until it receives an ACK. The source drops the communication after K retransmissions not followed by an ACK packet (see figure 2-b). Using this classical MACA scheme, energy consumption may increase in the case where the source repeats its request several times. To solve this problem, the authors of [4] propose adding a WAIT command (see figure 2-c), so the destination tells the source that it is busy and will send the CTS as soon as it can. To avoid deadlock problems (see figure 2-d), an assignment priority is added to packets directed toward the master node.
2) A MAC protocol for multi-channel underwater acoustic environment: The authors of [2] , propose a multiple access protocol with different frequency channels. The purpose of this system is to transmit high data rate applications.
The frame transmission mechanism begins by detecting the candidate channel which can transmit the frame. Within these candidate channels, a selection of the longest idle channel is performed to define the transmitting channel.
The frame reception procedure manages the transmission of the ACK frame if there are no transmission errors, and the transmission of an NACK if there are errors after cancelling the received frame.
After the frame reception mode, the system returns to a carrier sensing mode, which calculates the idle time for each channel [2] . To our knowledge, this is the only paper that considers a multiple channel environment with dynamic channel allocation.
3) A scalable centralized protocol for underwater networks : in [3] , the authors propose a centralized topology. This scheme reduces the propagation delay compared to the 4-way handshake mechanism (see Table I ): the central station provides a dedicated transmission channel to each node and pre-computes all routes. The proposed protocol allows nodes to be added or removed dynamically. The master node configures periodically the network topology by transmitting Topology Discovery Messages (TDM). Topology discovery message propagation allows the master node to have complete information regarding membership of the network and each node's immediate neighbors. A power control mechanism is integrated into the transmission of TDM.
4) Clustering and CDMA/TDMA multiple access:
Work presented in [7] proposes a multi-cluster protocol for distributed ad hoc (no master node) underwater acoustic networks. Communication in each cluster is done using using TDMA, which means that each node transmit during its assigned time slots. Allocation of time slots is carried out in the network initialization phase. In this phase, three main operations are carried out:
-division of the network into clusters; -division of the frame into slots; -assignment of CDMA codes to clusters.
A maintenance phase is needed due to node mobility. Communication between two clusters is performed using CDMA which allows the simultaneous use of slots across clusters (see figure 3) .
CDMA is used by the assignment of orthogonal codes to clusters (adjacent clusters do not overlap). Thus, each cluster has a code for transmission and each node from that cluster transmits using this code. The number of codes is limited and this limits the number of clusters. To solve this problem, authors in [7] propose to reuse code as in cellular networks (see figure 3 ). This technique of reusing code is possible because the acoustic signal fades due to distance. The authors show that using this clustering concept, it is possible to achieve a more efficient use of network resources through the spatial reuse of resources (CDMA code reuse).
IV. COMPARISON
In this section, we compare the protocols mentioned in section III-C. These protocols are evaluated according to the following metrics:
-Delay: calculated as the difference between the time of a frame transmission and the time of its successful reception. An example of a simulation that provides some delay values in the case of 4-way handshake (with RTS/CTS) and 2-way handshake (without RTS/CTS) is presented at • Multi-channel environment.
• Carrier sensing based on the use of idle-timer of each channel known by all nodes (no need for RTS/CTS) Delay equivalent to the case of a centralized network because carrier sense is done using the information of the state of the channel (flag and idletime values) which is known by all nodes of the network Absence of a power control protocol so there is no optimization of energy consumption.
The connectivity of each node depends on the number of its transmitting and receiving channels Specific case due to multiple channels. Local information about the state of channels known by nodes.
Xie,2000 [3] • Centralized network around a master node.
• Possibility of adding and removing nodes.
• Topology control is done by periodically transmitting special messages (TDM).
Smaller than the delay of the scheme of [4] (thanks to the absence of RTS/CTS packets). [7] • Grouping of nodes into clusters.
• Multi-hop distributed scheme.
• Use of CDMA/TDMA .
The delay depends on the value of the transmission range and of the number of nodes (direct transmission of CDMA/TDMA frame).
Adjustment of the power level in order to reach other nodes. Absence of optimization of the transmitting power level.
The concept of clustering as defined by [7] ensures maximum connectivity between nodes.
The clustering concept allows us to achieve a more efficient use of network resources through spatial reuse of resources (CDMA code).
TAB. IIComparison between different MAC protocols for underwater acoustic networks
adaptation to the context of underwater acoustic channel (by modifying the value of the propagation speed, frequency and data rate). The simulated network is composed of 8 nodes. We consider TCP traffic between two nodes separated by a distance of 100 m and other TCP traffic between two other nodes separated by 80 m. Each node transmits at the power level p t = 0.313W and the range of the nodes for this power level is equal to 100 m. For the two scenarios (transmission with and without RTS/CTS), we transmit 50 TCP packets. -Energy consumption: this equals the total energy used for frame transmission. -Node connectivity: defined as the percentage of the transmitter's neighbors that successfully receive a frame. Table II summarizes the comparisons between the MAC underwater acoustic networks protocols presented above.
Comments concerning each protocol are given.
V. COMMENTS AND PROPOSAL
In this section, we present our design of a new MAC underwater acoustic protocol based on a comparison between existing protocols.
Regarding the mobility of the nodes of the network (see figure 1 ), our work considers protocols similar to those presented in [4] [7] [3] . The MAC protocol of [2] being more suitable in the case of fixed nodes. The centralized scheme presented in [3] has the disadvantage that it cannot work properly for a large number of nodes.
We recommend a CDMA/TDMA clustering scheme for the following reasons: first, the cluster algorithm is robust with regards to changes of topology (adding or removing nodes); second, the use of CDMA techniques allows one to combat interference and multi-path fading; finally, such a scheme provides spatial reuse of resource and this is important in the case of the limited bandwidth of the underwater acoustic channel.
Our proposal is the integration of a power control protocol. The advantage of a power control protocol is that it extends the battery life of stations and increases the traffic capacity of the network. The formation of clusters may then be based on the available power levels. Based on these power levels, we can build up clusters where minimal transmitted powers are used (see figure  4) . As in [7] , we propose to use CDMA for inter-cluster communication. More details of the proposed protocols and its performance are provided in [9] . 
VI. CONCLUSION
In this paper, we study the design of a MAC protocol for underwater acoustic networks. The acoustic channel used has some specific aspects with regards to the wireless channel : long propagation delay, limitation of bandwidth and frequency, etc. We recall these aspects and then briefly describe some existing proposals for underwater acoustic networks. These proposals are analyzed and compared. Interesting conclusions can be made based on these comparisons. We suggest the design of a new MAC protocol for underwater acoustic networks based on the idea that the integration of power control in a clusterized MAC protocol may solve the problem of limitated battery power while improving the performance of the network. Future work [9] will give the details of this new protocol and analyze its performance.
